Sagnac interferometry and non— Newtonian gravity 
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Sagnac interferometry has been employed in the context of gravity as a proposal for the detection 
of the so called gravitomagnetic effect. In the present work we explore the possibilities that this 
experimental device could open up in the realm of non-Newtonian gravity. It will be shown that 
this experimental approach allows us to explore an interval of values of the range of the new force 
that up to now remains unexplored, namely, A > 10^* m. 
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I. INTRODUCTION 

The use of interferometric techniques has rendered very 
fruitful results in the realm of gravitation, as a fleeting 
iimpse to the experimental efforts in gravitational waves 
il| or in the detection of the so called gravitomagnetic 
effect 2], easily attests. We may rephrase this stating 
that optical interferometry has played along many years 
a fundamental role in gravitational physics. 

Though general relativity is one of the bedrocks of 
modern physics, and many of its predictions have found 
a sound confirmation at the experimental level .3j, the 
quest for deviations from the predictions of Newtonian 
gravity has never waned altogether, since many theoreti- 
cal attempts to construct a model of elementary particles 
do predict the emergence of new forces (usually denoted 
as fifth force) 3. One of the distinctive traits of these 
new interactions is the fact that they are not described 
by a inverse-square law. Additionally, they, generally, 
violate the so called weak equivalence principle Q . Since 
more than a decade has witnessed the lack of any kind 
of compelling evidence that could purport some kind of 
deviations from the Newtonian theory [6j , the pursuance 
in this direction requires a thorough justification, a re- 
quirement already covered by Gibbons and Whiting f^, 
who claim that a very precise agreement between New- 
tonian gravity and the observation of planetary motion 
does not preclude the existence of large non-Newtonian 
effects over other distance scales. The results comprised 
in allow us to draw several conclusions: (i) the current 
experimental constraints do not explore the so called geo- 
physical window (A S [10m, 1000m]); (ii) the case in 
which A > 10^"* m remains completely unexplored. 

The main goal in the present work is the introduction 



of an experimental proposal, which could explore the re- 
gion A > lO^"' m. This will be done by means of an 
experimental model embracing a Sagnac interferometer 
whose area (that enclosed by the light path) has a 
unit normal vector perpendicular to the direction of the 
acceleration of gravity. It will be shown that this idea 
may be used to find the first experimental bound in the 
aforementioned region of A. 



II. SAGNAC INTERFEROMETRY AND 
NON-NEWTONIAN GRAVITY 

Let us consider a gravitational potential which contains 
a Yukawa-type term 



U{r) = -^^{1 + acxp{-r/A}}. 



(1) 



Here Goo denotes the value of the Newtonian constant 
between the source of the gravitational field, i.e., M, and 
a test particle when the distance between them tends to 
infinity. As a matter of fact Gn — Goo(l + Q;), where Gn 
is the usual Newtonian constant. In addition, A is the 
range of the interaction. 

At this point, and bearing in mind that we try to put 
forward a terrestrial experimental proposal, the following 
approximation will be introduced, r — R + z, with R » 
\z\. Under this restriction Q becomes, to first order in 
z/R 
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(2) 

At this point consider now a Sagnac interferometer 
whose area (that enclosed by the light path) has a normal 
vector perpendicular to the direction of the acceleration 
of gravity, i.e., the z-axis. In addition, the angular velo- 
city of the interferometer (the one rotates in the clockwise 



2 



direction) is fi, and its radius a. For the sake of simplicity 
let us assume that the beams enter the interferometer at 
point A, which is the highest one, (its z is a maximum). 
Since the interferometer rotates, then both beams meet, 
for the first time, at 



Writing this phase difference as the sum of two terms, 
A6'*^^-' and A6'^^^-' , which correspond to the differences 
stemming from the Newtonian and non-Newtonian parts 
of the gravitational potential, respectively, we may de- 
duce (assuming ja-^^y^ exp{— i?/A}| < 1) 



td 



27ra r 



c 



(3) 



The distance, below point A, at which the beams meet 
for the first time is 



A0(^^) = _A^?(A')a:^ exp{-i?/A}. (12) 



In this result we have included the fact that 
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(4) 



Since the beams are immersed in a region in which the 
gravitational potential has the form pointed out in (j^J, 
then during their movement they will undergo a red- 
shift, the one reads 0] 



(5) 



l + AU/c' 



Here AU denotes the difference in the potential be- 
tween the two involved points. 
The frequency at time td reads 



1-a 



7/3. 



(6) 



In this last expression two definitions have been intro- 
duced 



13^ J^l + a^^exp{-R/X}} \ 
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(7) 



(8) 



The time difference between the arrival of the two 
beams is the usual one M 



in^a^un 
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III. CONCLUSIONS 



(13) 



The possible detection of a fifth force through this kind 
of proposals does strongly depend upon the relation be- 
tween the experimental resolution associated to the mea- 
suring process of phase differences, A9'-'^^\ and the ab- 
solute value of the parameter Afl^^^^/A^^^^ In other 
words, this idea could be a useful one if 



|A0(^^)/A0(^)| > Ae<-' 



(14) 



Resorting to (|12|) and (|13|l it is readily seen that the 
feasibility of the proposal becomes 



. R + X 
' A 



exp{-i?/A} > A6i(^ 



(15) 



A fleeting glimpse at the current experimental bounds 
immediately shows us that several regions of A re- 
main unexplored. For instance, there are no experiments 
related to A > 10^** m. Bearing in mind that we should 
contemplate the possibility of performing this experiment 
on the Earth's surface, then R ~ lO^m, and if we con- 
sider the aforementioned region for the range of the fifth 
force, then R/X ^ 10^*, and hence 
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(9) 



This last result renders the path difference, AL ~ cAt. 



AL = 



c2 - a^n^ ■ 



(10) 



Finally, harking back to © the phase difference, AO 
reads 



A9 - STT^a^jy^ 



(11) 



a > 



A6»('=^). 



(16) 



We may rephrase this last conclusion asserting that 
the resolution of the measuring device sets (in this very 
particular situation) the bound upon the values of the 
strength . If nothing is seen, then, for sure 



a < 



A6»('=^). 



(17) 



Let us now address the issue concerning the order of 
magnitude of a that could be measured in this kind of 
models. It is already known that the resolving power of 
a spectral device is defined as A = A/ A A here A de- 
notes the wavelength of the corresponding beam, while 
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A A is the minimum difference in the wavelength which 
can be resolved. If the experiment is carried out by means 
of visible light (A ^ 10^^'m), and assuming a rough re- 
solving power, i.e., A 10^, then (since A^^'^^^ ~ 2n/A) 
we obtain that A^^*^^) ~ 10~^. Under these constraints 
it becomes clear that a null experiment would imply that 
\a\ < 10-4. 

Summing up, it has been shown that a Sagnac inter- 
ferometer can be employed to impose an experimental 
bound for the strength of an hypothetical fifth force, 



for the case, which up to now remains completely un- 
explored, A > 10^''m. 
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